A b s t r a c t Objective: To determine the accuracy of self-reported information from patients and families for use in a disease surveillance system.
Introduction
A priority of the public health system is early and accurate detection of disease outbreaks. Over the past seven years, there has been an emergence of real time surveillance systems for monitoring illness patterns to enable health officials to identify and localize disease outbreaks. [1] [2] [3] These systems use information routinely collected in patient care and available at the time of the patient's interaction with his healthcare provider. Data types frequently used by surveillance systems, including BioSense and the Real-time Outbreak and Disease Surveillance (RODS), are emergency department chief complaints and physician diagnostic coding. [1] [2] [3] [4] [5] The majority of emergency departments collect these data for every patient encounter and the data lend themselves well to use in automated surveillance systems since they are frequently electronically and rapidly available. 5 The surveillance systems use these data to assign patients to disease syndromes of interest, and the patterns of patients presenting with a specific disease type are tracked and compared with historical patterns.
However, studies of systems using chief complaint and diagnoses data have shown that these data types can be limited in disease detection. 6 -12 For example, the sensitivities for the detection of respiratory infections range from 26% to 47% across studies using chief complaint data. 6, 7, 12 Proper disease category assignment is critical to outbreak detection and changes in identification methods have a large impact on the modeling and outbreak detection performance of surveillance systems. 12 The use of chief complaints in disease surveillance is limited because they are usually stored as short, unstructured strings of text. They are not collected for the purpose of surveillance and hence used by disease surveillance systems as a secondary data source. While there has been considerable success "reading" these short text strings with natural language text classifiers, and using them to assign people to illnesses of interest (for example, influenza-like illness), results have been variable. 8, 10, 12, 13 An alternative to using routinely collected data is to have hospital staff manually enter information on every patient at the time of the visit. This method may be useful in disease identification, but it is very labor intensive and not sustainable in the long term. 14, 15 This was demonstrated with a system requiring manual data entry by hospital staff which was implemented in New York City following the 2001 terrorist attacks. 15 Even in the short term, completion rates were modest and inconsistent across hospital sites. We propose that patients could be leveraged to provide information directly about their conditions, using interfaces such as electronic personally controlled health records, emergency department-based kiosks, or mobile devices. 16 Although the cost of this process would have to be considered, with the increasing use of patient-centered health information technologies, there is a strong trend towards collecting patient-generated data. 17 The data elements collected could be tailored to specific purposes and patients could participate when they present to a hospital or clinic, or from home, work, and other non-healthcare settings, enabling sampling from a broader population.
To determine whether such a system of data collection is feasible, we must first ascertain whether patients can provide valid medical information. Studies have shown that patients as well as parents of young patients can accurately report information about their own or their child's illness using electronic interfaces. 18 -23 These studies have demonstrated that valid medical data, such as illness symptoms and medication use, can be collected electronically from parents in clinical settings and that socio-demographic or technology-related factors do not have an effect on data quality. 20, 21 More information is needed to describe the types of data that patients can provide and the validity of these data.
Here, we evaluate the use of patient-and parent-produced information for case detection by disease surveillance systems. The objectives were (1) to determine the accuracy of self-reported information as compared with existing data sources in assigning patients to specific disease categories, and (2) to evaluate the usability of the Self-Report Tool, a questionnaire for collecting illness information from parents and patients.
Methods

Setting and Participants
Participants were recruited in the emergency department (ED) waiting room of an urban, academic tertiary care children's hospital between February 2004 and March 2005. The ED serves approximately 51,000 children per year with an average daily census of 140 children. Research assistants approached all patients and their families waiting to be seen by a physician during selected periods and screened them for eligibility. Recruitment periods included all times of day as well as weekdays and weekend days. The study inclusion criteria were patient age of 22 years or younger, accompaniment by a parent if younger than 18 years of age, and verbalized comfort with reading and writing in English.
During the time periods when a research assistant was recruiting patients, between approximately zero and forty patients were in the waiting room and all patients waiting to be seen by a physician were approached for enrollment. Only very rarely did an eligible patient choose not to participate and information on these patients was not collected. Overall, based on ED and research assistant logs, we estimate that approximately 85% of patients presenting to the ED during recruitment periods were enrolled. After informed consent was obtained from participants, a written Self-Report Tool was administered to the patient and parent. Parents completed surveys for patients up to 13 years of age while patients 14 years of age or older completed the survey themselves. A separate follow up survey was administered to participants after completion of the Self-Report Tool asking them to provide information on their experiences completing the questions. If patients were placed in an examination room prior to finishing the study, they or their parents completed the Self-Report Tool in the room before the patient was seen by a physician, but did not complete the follow-up survey. The Committee on Clinical Investigation at Children's Hospital Boston approved this study.
Survey Instrument
The Self-Report Tool consisted of four separate age-specific questionnaires (Appendix A). The age groups were 0 to 1 years of age, 2 to 5 years of age, 6 to 13 years of age, and 14 to 22 years of age. The questionnaires contained a total of 28 to 30 questions pertaining to the patient's current illness and past medical history. Age-specific questions varied in the wording between questionnaires while some questions were questionnaire-specific but corresponded to certain questions in the other questionnaires. Only a few questions were asked just within a specific age group. Responses were used to assign disease categories to patients. Questionnaires were pilot-tested for question clarity and face validity before the final Self-Report Tool was implemented. Revisions were made to the Self-Report Tool based on review of the questions with patients and comparisons between the information in the Self-Report Tool and the patient chart.
Measurements
Patients were assigned disease categories using three different data sources: the ED chief complaint, physician diagnostic coding, and the completed Self-Report Tool. Each of these was assessed against a gold standard medical record review in order to compare their ability to correctly assign disease categories to patients.
Chief complaints are routinely elicited by a triage nurse for every patient upon presentation to our ED. An administrative assistant in the ED subsequently numerically encodes these free-text complaints using a constrained list of 181 possible chief complaint codes and enters them into an electronic log. For this study, two physicians reviewed these codes and classified them into one of the following seven disease categories: respiratory problem, gastrointestinal problem, allergic problem, dermatologic problem, neurological problem, injury, or other. In addition, they identified chief complaint codes for fever. In order for a chief complaint to be included in a specific category, both physicians had to classify the chief complaint in the specific category; otherwise the chief complaint was added to the "other" category.
Following a patient's ED visit, the ED physician creates an electronic record for the visit and assigns a diagnosis. The diagnosis includes a free-text diagnostic impression and/or an International Classification of Diseases, Ninth Revision (ICD-9) diagnostic code. A billing administrator then reviews all diagnosis and ensures that an ICD-9 diagnostic code is provided for every patient visit. The same two physicians reviewed all ICD-9 codes and chief complaints assigned to patients enrolled in the study, classified them into the seven disease categories of interest, and identified codes for fever. The reviewers were blinded to the patient chief complaints and medical record.
Multivariate analyses with recursive partitioning, also referred to as classification and regression tree analysis (CART 5.0, Salford Systems, San Diego, CA), was used to assign disease categories using the data collected in the Self-Report Tool. Recursive partitioning has the advantage of providing simple to use prediction algorithms based on the process of stratification by identifying important interactions among the predictors in the data set. Data from the four age-specific questionnaires were combined. A separate classification tree was created for each of the eight categories and validated using cross-validation. The validation procedure that CART performed was 10-fold cross-validation where all the data was divided into 10 mutually exclusive subsets. Each subset used 10% of the data to validate a sequence of trees built on the remaining 90% of the data. Figure 1 shows the tree that this method created for the detection of gastrointestinal problems. Each branching point seeks to correctly classify the maximum number of subjects as having or not having a gastrointestinal problem based on a specific question in the Self-Report Tool. For example, of the 221 subjects with gastrointestinal problems, 148 were correctly identified based on the subject's response to "Question A" while 8 subjects were incorrectly placed in this category. Further classification based on the results of 2 more questions correctly identified an additional 45 subjects for a total of 193 of 221 total cases with gastrointestinal problems. After the cross-validation procedure, 190 subjects remained in the gastrointestinal category for a final sensitivity of 86% (190/221). This process was repeated for the assignment of the other disease categories.
Two independent reviewers, who were blinded to the ED chief complaint, the diagnostic code, and the Self-Report Tool results, determined the gold standard disease category. They reviewed each subject's ED record and assigned a disease category based on a pre-determined set of criteria drawn from the patient history, physical examination, test results, and treatment. 7 For every record, the presence or absence of a fever was noted and up to two disease categories assigned. Patients presenting with an injury could only be assigned the category of injury since we sought to identify the illness that brought a patient to the ED. Similarly, patients assigned the category of "other" could only be assigned to that group. A third reviewer examined and F i g u r e 1. Recursive partitioning tree for classification of gastrointestinal problems. GI ϭ gastrointestinal problem, Class ϭ disease category assigned by the tree, Case ϭ actual outcome as measured by gold standard, N ϭ total number of subjects in each node of the tree. resolved differences in disease category assignments between the two reviewers.
Data Analysis
The sensitivity and specificity of the ED chief complaint, diagnostic code, and the Self-Report Tool in case detection were determined. The case-detection performance of the Self-Report Tool was compared to the performance of the other two measures using sensitivity and specificity rate ratios with 95% confidence intervals. These data analyses were performed using SAS Version 9.0 (SAS Institute, Cary, NC).
Results
During the study period, 936 subjects were enrolled. There were approximately equal numbers of patients in the younger age groups and fewer patients between 14 to 22 years of age (Table 1) . Based on the gold standard chart review, 278 (30%) subjects presented with a fever and the three most common disease categories were respiratory problem (255, 27%), gastrointestinal problem (209, 22%), and injury (196, 21%) ( Table 2 ).
The ED chief complaint was available for 917 (98%) of the 936 patients enrolled and the sensitivities and specificities of this data source in case detection determined (Table 3) . Sensitivities ranged from 37% for dermatological problems to 84% for injury. Chief complaints detected most disease categories with sensitivities less than 70%; fever was identified with a sensitivity of 48%. Specificities were high with values of 96% or greater except for the group of other problems, which had a specificity of 87%.
The diagnostic codes assigned to patient visits were available for 820 (88%) of the 936 subjects. The sensitivities of these were similar to the ones for the chief complaints, with a few exceptions ( Table 3) . The classification by diagnostic codes had a sensitivity of 21% for fever and of zero for allergic problems. The specificities were high, all reaching 99% except for the categories of injury (97%) and other problems (79%).
For the Self-Report Tool, the sensitivities were greater than 70% for the detection of all categories, with the lowest values found for other problems (71%) and neurological problems (77%) ( Table 3 ). The Self-Report Tool detected fever with a sensitivity of 91% and respiratory and gastrointestinal problems with sensitivities of 88% and 86%, respectively. The specificities were lower than with the chief complaints and diagnostic codes, but none lower than 84%.
Sensitivity and specificity ratios were calculated to further compare the results of the Self-Report Tool to those of the ED chief complaints and diagnostic codes (Table 4) . Compared to ED chief complaints, the Self-Report Tool was significantly more sensitive in identifying fever, with a rate ratio of 1.90 (95% confidence interval [CI] 1.67-2.17), indicating that there was a 90% increase in the detection of fever using the Self-Report Tool as compared to the chief complaints. The Self-Report Tool was more than twice as sensitive in identifying respiratory problems (Rate ratio [ Specificities were slightly lower for almost all categories for the Self-Report Tool compared with the ED chief complaints and diagnostic codes, but only a few of the specificity ratios were less than 0.90. These included respiratory problems A total of 610 (65%) of the subjects completed the follow up survey on their experience using the Self-Report Tool (Table  5) . Subjects' responses to the eight questions are shown in Table 5 . Subjects' responses to eight questions on a 5-point scale indicated that both parents and patients did not find the questions difficult to answer and would for the most part be willing to use a similar tool again.
Discussion
Using patient and family self-reported information, we assigned cases to disease categories with sensitivities much higher than conventional data sources currently used by disease surveillance systems. Respiratory and gastrointestinal problems were identified using the SelfReport Tool with sensitivities of 88% and 86%, respectively, using patient reported information. By contrast, using chief complaint data, the sensitivities were 42% for respiratory problems and 78% for gastrointestinal problems. Similar results were obtained using diagnostic codes, indicating that patient-and parent-produced data can effectively be used to identify disease cases. The specificity for case-detection using the Self-Report Tool ranged from 84% to 99%, with the majority at 90% or greater. These specificities were generally lower than those found using traditional chief complaints, representing a trade-off for the higher sensitivities. Further work is needed to refine the questionnaires and maximize the performance of the Self-Report Tool. Results of the follow up survey indicated that both parents and patients did not find the questions in the Self-Report Tool difficult to answer and would for the most part be willing to use a similar tool again in the future.
Patient self-reported information lends itself well to use in disease surveillance for several reasons. First, the collection of data can potentially be performed electronically with participants providing information using a computerized version of the Self-Report Tool. Previous studies have shown that valid information on patients' illnesses can be collected from patients and parents of children using electronic interfaces. 19 -22 In these studies, detailed information on illness symptoms, medical history, and medication use was obtained using an electronic interface in the ED setting. The information was found to be accurate when validated against criterion interviews and medical record reviews, demonstrating the feasibility of electronically collecting medical information from patients in clinical settings. For certain data elements, the parent's report was in fact found to be more accurate than the information obtained by nurses and physicians. 20 In addition, socio-demographic and technology-related factors were examined and found to be unrelated to data quality. Using the Self-Report Tool we developed, information could be collected either in the physician's office or from home through personally controlled health records and other consumer-facing applications, enabling a much larger and geographically diverse population to be under surveillance. The information could be rapidly processed and counts of different disease categories monitored in near real-time.
Secondly, the information collected is richer, including more data elements on individual patients than conventional surveillance data and providing the potential to examine and monitor more precise disease categories. Many illnesses, naturally occurring or maliciously introduced, present with a group of symptoms which has led to the use of syndromes to describe presentations such as sepsis, botulism, or hemorrhagic illnesses. 13, 14 Patient self-reported information, as collected using a set of questions in the Self-Report Tool, contains multiple data elements which can be combined to define syndromes and refine disease identification. Additional disease categories or syndromes could be derived as needed using the available information or by expanding the data collected by the Self-Report Tool.
There are several limitations to this study which warrant discussion. Two reviewers assigned the gold standard disease category with a third party to resolve differences. Although this is a rigorous approach, some of the cases may still have been misclassified. It is also possible that in assigning only two disease categories (or only one for subjects with injuries) we failed to identify additional disease categories that may have applied to the patient. In addition, we used a convenience sample of patients who were English speaking, accompanied by an adult if younger than 18 years of age, not so ill as to require immediate placement in a treatment room, and willing to participate, which may have resulted in less generalizable conclusions than if all patients presenting to the ED had been enrolled. However, a research assistant approached all patients present in the waiting room during recruitment periods with very few patients refusing to participate and approximately 85% of patients presenting to the ED were enrolled during recruitment periods. Furthermore, we have no reason to believe that patients who did not participate had medical problems more difficult to identify using the Self-Report Tool than those who did participate. A further potential limitation is that the Self-Report Tool we employed was administered in a paper format as opposed to an electronic version. To be used in surveillance, patient self-reported information would have to be converted to an electronic format or provided electronically in order to enable rapid analysis and reporting. Given the promising results of previous studies examining the validity of electronically collected patient information, it is unlikely that this format change would affect the information provided by participants, but we cannot be certain of this without testing an electronic version. Finally, the recursive partitioning trees were validated using cross-validation instead of using a separate validation sample. Prospective study of patient self-reports for surveillance is warranted.
Conclusion
Patient and parent self-reported data were more sensitive in identifying disease categories than either chief complaint or diagnostic data, which represent information currently used by many national and regional surveillance systems. Involving patients in the disease category assignment process may be an effective method of improving the accuracy and augmenting the capabilities of real time disease surveillance systems. 
